* m = Jcv, k being the specific conductivity as ordinarily defined, and v the vo of the solution, i.e., the number of litres containing the formula weight in grams of the acid. His results are expressed in arbitrary units.
IV . " E le c tro ly tic C o n d u c tio n in re la tio n to M o lecu lar C om posi tio n , V a le n c y a n d th e n a tu r e o f C h em ical C h a n g e : b e in g a n A tte m p t to a p p ly a T h e o r y o f ' R e sid u a l A ffinity.' " B y H e n r y E . A r m s t r o n g , P h .D ., F .R .S ., P ro fe ss o r o f C h em istry , C ity a n d G u ild s o f L o n d o n C e n tra l I n s titu tio n .
R e c e iv e d M a rc h 11, 1886.
In m y re cen t address to th e C hem ical Section of th e B ritish A ssociation a t A berdeen, I have' specially called atten tio n to th e " affin ity " o f negative elem ents-chlorine, oxygen, sulphur, &c.-for negative elem en ts; an d I have so u g h t to show th a t th e form ation of so-called molecular compounds is largely, if n o t entirely, an outcome of th is pecu liarity of n egative elem ents. I have also v en tu re d to suggest " th a t in electrolysing solutions, th e frictio n arisin g from th e attra c tio n of th e ions fo r each other is perhaps dim inished, n o t by th e m ere m echanical in terp o sitio n of th e neutral m olecules of th e solvent-in th e m an n er suggested by F. K ohlrausch-b u t by th e actual a ttra c tio n exercised by these m olecules upon the negative ion in v irtu e of th e affinities of th e neg ativ e radicles." I n this passage I b u t vaguely h in te d a t a m odification of th e cu rre u t theory of electrolysis w hich h a d occurred to m e ; as fu rth e r consideration of th e question, especially of O stw ald's electrochem ical studies, has stren g th en ed m y views, I am led to th in k th a t i t m ay be justifiable to subm it them for discussion.
I t is usual to divide bodies into th ree classes according to th e mode in w hich th ey are acted on by an electrom otive force : m etals form ing one class, electrolytes a second, an d dielectrics a th ird . In m aking th is division, p erh ap s th e fact is n o t sufficiently borne in m ind th a t some com pounds-silver chloride, for exam ple-are p er se electrolytes, w hile o th ers-such as hydrogen chloride and w a te r-are individually dielectrics, b u t behave as electrolytes w hen conjoined.
On th is account, it ap p ears to m e desirable to distinguish betw een-(a ) Metals. (b) Sim ple electrolytes-com pounds, like silver chloride, w hich in th e p u re state are electrolytes.
(c) Psewefo-dielectrics-com pounds like w ater, hydrogen chloride and su lphuric acid, w hich behave as dielectrics w hen pure, but as electrolytes w hen m ixed w ith o th er m em bers of th e ir own class. C onducting m ix tu res of m em bers of th is class m ay conveniently be term ed composite electrolytes.
(d) D ielectrics.
S im p le Electrolytes.
I t is undoubtedly a fact th a t only a lim ited n u m b er of b in ary com pounds are sim ple e le c tro ly te s; an d it is especially notew orthy th a t, w ith th e single dou b tfu l exception of liquefied am m onia, no hydrogen com pound-w h eth er binary or of m ore com plex com position-can be classed w ith th e sim ple electrolytes. Indeed, all th e sim ple electrolytes w ith w hich we are acquainted are e ith e r com pounds such as the metallic chlorides, or m etallic salts-n itra te s, sulphates, &c. In c lu d in g m etallic chlorides a n d th e ir congeners an d th e corre sponding oxides and hydroxides am ong salts-re g ard in g w a te r as an acid, in fa ct-an d d en ying th e title of salts-hydrogen salts-to th e acids, H itto rf's proposition ( " W ied. A n n .," 1878, 4, p. 374): " E lectro lyte sind Salze " m ay be safely upheld-B u t only some of th e b inary m etallic salts are electrolytes : beryllium chloride, fo r exam ple, belongs to th e class of " pseudo-dielectrics " (N ilson an d P etterso n , " W ied. A nn.," 1878, 4, p. 565; H um pidge, " P h il. T ra n s.," 1883, p. 604) ; and in th e case of those elem ents w hich readily form tw o classes of saltsso-called ous or proto-salts and ic or p er-salts, th e ous com pounds alone appear to be electrolytes. I t is highly rem ark able th a t w hereas fused silver chloride is easily decomposed on passage of a c u rre n t of low electrom otive force, hydrogen chloride is a " p seu d o -d ie le ctric" w hich form s when coupled w ith th e " pseudo-dielectric " w a te r a read ily co nducting " com posite e l e c t r o l y t e w h i l e m ercu ric chloride conducts w ith g re a t difficultypossibly n o t a t all .when p u re -n o t only in th e fused state, b u t even when coupled w ith w ater. N o explanation of these facts seem s to be afforded by therm ochem ical data.* T he consideration of these an d o th e r sim ila r cases, I th in k , can * The following numbers are given by Thomsen as representing the amounts of heat developed in the formation of the specified chlorides in the state of aggrega tion in which they exist under ordinary conditions (2 x 35'4 grams of chlorine being in each case used in the production of the chloride) Only three of the chlorides in this list are simple electrolytes. As much more heat is developed in the formation of two of these three-stannous and lead chlorides-than in the case of any of the others, it would appear probable a priori that these would be the most stable; obviously, therefore, the study of the heats of formation throws no light on differences in electrical behaviour such as are manifest between hydrogen, mercuric and stannic chlorides, on the one hand, and silver, stannous and lead chlorides on the other. b u t lead to one conclusion : th a t electrolysability is conditioned both by th e n atu re of th e elem ents in th e com pound and its m olecular stru ctu re. I have p u t forw ard th e hypothesis in m y address-" th a t am ong m etallic com pounds, only those are electrolytes w hich contain more th an a single atom of m etal in th e ir m olecules." The mere presence of tw o or m ore associated atom s of m etal in the molecule, however, probably does n o t constitute a com pound an ele c tro ly te ; and although th e hypothesis m ay be applicable to th e m ajority of sim ple electrolytes, it ce rtain ly does n o t appear to include all th e facts, and it does not serve to explain w hy certain salts are electro lytes w hile others are not.
The rem arkable difference in th e electrical behaviour of two com pounds of th e sam e elem ent, such as stannous chloride, in w hich th e ratio of tin to chlorine atom s is as 1 to 2, an d stannic chloride, in w hich S n : Cl = 1 : 4-th e one being a sim ple e lec tro ly te; th e other a pseudo-dielectric, if indeed i t be n o t a dielectric-would appear alm ost to ju stify th e conclusion th a t in th e case of per-salts such as stannic chloride th e m etal is, as it were, enveloped in a non-conducting sheath of th e negative radicle. B u t w hether th is be so or not, if-as appears to be the case-all sim ple electrolytes are m etallic compounds, an d if only proto-salts are electrolytes, m ay it n o t be th a t electric conduction in sim ple electrolytes is of th e n a tu re of ordinary m etallic conduction, differing from it only in th e circum stance th a t th e com pound is decomposed as a consequence of th e passage o f the cu rre n t ?
This w ould lead to th e conception of an electrolyte as being a m etallic com pound of such elem ents, and so constituted, th a t electric conduction m ay ta k e place th rough its m ass in a m an n er sim ilar to th a t in w hich it tak es place th ro u g h a mass of m e ta l: in fact th ro u g h th e agency of its m etallic atom s. On th is view, i t is essential th a t th e m etallic atom s in th e m olecules com prising a m ass of an electro lyte should be in pro x im ity-as they probably are in proto-salts, b u t n o t in m any per-salts. The conductivity of tw o-m etal alloys is in m any cases m uch less th a n th a t of e ith er of th e contained m etals : fo r example, th e conductivity of the alloy SnCu* is about j t h th a t of tin and about -g^th th a t of copper. The specific conductivity of m etals m ay, therefore, be m uch reduced by association w ith one another;-and th is being th e case, it appears probable th a t the specific conductivity of a m etal would be still m ore reduced by association w ith a non-m etal, an d th a t if th e m etal were one of low specific conductivity, it m ig h t th u s practically become alto g eth er deprived of conducting pow er: perhaps th e " exceptional" behaviour of m ercuric and beryllium chlorides is to be explained by considerations such as these.
To discuss such questions a t all satisfactorily, however, we require to know m uch m ore of the electrical behaviour of 'pure fused s a lts ; it is surp risin g how little accurate knowledge we possess on th is subject.
Composite Electrolytes.
I assum e i t to be ad m itte d th a t n eith er w ater n o r liq u id hydrogen chloride, for example, is a n electrolyte,, although an aqueous solution of hydrogen chloride conducts freely a n d is electrolysed by an electrom otive force of b u t little m ore th a n a volt.
T he th eo ry p u t fo rw ard by C lausius in 1857 in explanation of electrolysis is w ell stated in C lerk M axw ell's " E lem en tary T reatise on E le c tric ity " (p. 104), in th e follow ing w o rd s:-" A ccording to th e th eo ry of m olecular m otion, every m olecule of th e fluid is m oving in an exceedingly irre g u la r m anner, bein g d riv en first one w ay an d th e n a n o th er by th e im pacts of o th er m olecules w hich are also in a state of ag itatio n .
T h e encounters of th e m olecules ta k e place w ith various degrees of violence, and i t is probable th a t even a t low tem p eratu res some of th e encounters are so violent th a t one or bo th of th e com pound m olecules are split up in to th e ir constituents. E ach of these co n stitu en t m olecules th e n knocks about am ong th e re st till i t m eets w ith an o th er m olecule of th e opposite kind, and u n ites w ith i t to form a new m olecule of th e com pound. I n every com pound, therefore, a certain proportion of th e molecules a t an y in s ta n t are b ro k e n up in to th e ir co n stitu en t atom s. Now, C lausius supposes th a t it is on th e c o n stitu e n t m olecules in th e ir in terv als of freedom th a t th e electrom otive force acts, deflecting th em slig h tly from, th e p ath s th ey w ould otherw ise have followed a n d cau sin g th e positive co n stitu en ts to travel, on th e whole, m ore in th e positive th a n in th e n egative direction a n d th e negative co nstituents m ore in th e neg ativ e direction th a n in th e positive. T he electro m otive force, therefore, does n o t produce th e disruptions an d reunions of th e molecules, b u t finding these disruptions a n d reunions already going on, it influences th e m otions of th e co n stitu en ts d u rin g th e ir interv als of freedom . T he h ig h er th e tem p eratu re, th e g re a te r th e m olecular agitation, an d th e m ore num erous are th e free c o n s titu e n ts : hence th e conductivity of electrolytes increases as th e tem p eratu re rises."
This theory has been w idely accepted by p h y sic ists; b u t i t appears to m e th a t, on careful consideration of th e evidence, an d especially o f recen t exact observations on conditions of chem ical change, i t m u st be adm itted, as I have elsew here contended (B . A. A ddress), th a t proof is alto g eth er w a n tin g of th e existence of a condition such as is postulated by Clausius. M oreover, i t h as been shown by H itto rf th a t cuprous and silver sulphides, and by E. K ohlrausch th a t silver iodide, all undergo electrolysis in th e solid s ta te ; th e p artisan s of the dis sociation hypothesis w ould, I presum e, scarcely contend th a t it is easily applicable to such, cases as these. I t also does n o t appear to afford any explanation of the abrupt change in conductivity which occurs in solid silver iodide and sulphide as the tem perature is raised (see p. 280) ; nor of th e peculiar variation in conductivity on diluting sulphuric acid w ith w ater (see p. 282).
Again, I venture t o . th in k th a t th e conductivity of a mixture of compounds w hich them selves have little or no conducting power is accounted for in b u t an unsatisfactory and insufficient m anner by the hypothesis p u t forw ard by F. K ohlrausch ( " Pogg. Ann . " 1876, 159, p. 233) ; th ere appears to he fa r too great a difference in the behaviour of the pure compounds, w ater and liquid hydrogen chloride, for example, an d of a m ix tu re-no decomposition ap parently of either compound being effected by any electrom otive force short of th a t w hich produces disruptive discharge, although th e m ixture of th e two will n o t w ith stand an electrom otive force of little m ore th an a volt. Influenced by these considerations, I am led to conclude th a t th ere is no satis factory evidence th a t th e constituents of th e electrolyte are either free p rior to th e action of th e electrom otive force, or are prim arily se t free by the effect produced by th e electrom otive force upon either m em ber separately of th e composite ele c tro ly te ; b u t th a t an additional influence comes into play, viz., th a t of the one m em ber of the com posite electrolyte upon th e o th er while both are u n d er the influence of the electrom otive force. T his influence, I im agine, is exerted by th e negative radicle of th e one m em ber of th e composite electrolyte upon th e n egative radicle of th e other m em ber. Assum ing, for exam ple, th a t in a solution of hydrogen chloride in w ater th e oxygen atom of th e w ater molecule is strain in g at th e chlorine atom of th e hydrogen chloride molecule, if w hen subjected to th e influence of an electrom otive force th e m olecules are caused to flow p ast each other -th e phenom ena of electric endosmose m ay be held to afford evidence th a t in composite electrolytes th e m olecules are th u s set in motion -it is conceivable th a t th is influence, superadded to th a t of the elec trom otive force upon th e electrolyte, m ay b rin g about th e disruption of th e molecule and conduction : in short, th a t a state m ay be induced such as Clausius considers is th e sta te p rio r to th e action of th e elec trom otive force.
A large am ount of m ost valuable inform ation on th e connexion of dilution an d electrical conduction in aqueous solutions has been recently published by A rrhenius, Bouty, F. K ohlrausch and Ostwald. In his m ost recen t paper, Ostw ald ( " Jo u rn a l fu r praktische Chemie," 1885, 32, p. 300) has given the resu lts of his determ inations of the molecular conductivity m * in the case of no less th an about 120 different acid s: it appears to me th a t m any-indeed all-of his observations afford most d istin ct evidence in favour of the view I have expressed above. The general resu lt of his investigation is th a t the m olecular conduc tiv ity increases w ith dilution : in o ther words, th a t th e dissolved sub stance exercises a g re ater specific effect, finally attain in g a m axim um ; i t th en diminishes, b u t he believes th is to be due to im purities in th e w ater, especially to neutralisation of th e acid by traces of am m onium carbonate. The m axim um , he appears to th in k , would be th e same for all acids if th e dilution could only be pushed fa r e n o u g h : in th e case of monobasic acids it is ab o u t 90 (a rb itra ry u n its) ; i t is tw ice this in th e case of dibasic, thrice in th e case of tribasic, and so on.
I w ill quote first his results in th e case of solutions of hydrogen chloride, brom ide, iodide, fluoride a n d silicon fluoride.
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I t w ill be observed th a t hydrogen chloride, brom ide and iodide practically behave alike ; th e num bers fo r th e chloride are, however, slightly lower th an those for th e brom ide and iodide, an d th e m axi m um is n o t reached quite so soon in th e case of th e chloride. H y d ro gen fluoride is alto g ether d iffe re n t: its m olecular conductivity is exceedingly low to begin w ith, an d is considerably below th e m axi m um even w hen v = 4 0 9 6 . B u t I w ould call special a tte n tio n to th e num bers for hydrogen silicon fluoride, w hich is com m only reg ard ed as a dibasic a c id : at first, as O stw ald says, i t behaves as a m onobasic acid of m oderate s tre n g th -iodic acid, for exam ple ; b u t the m axi m um for monobasic acids being exceeded, th e m olecular conductivity increases m ore and m ore rapidly, u ltim ate ly exceeding th e treble value, 270. I t m u st be supposed th a t i t undergoes decomposition in accordance w ith th e equation-H 2S iF 6 +-2H20 = S i0 3 + 6H F .
The notew orthy point is the large excess of water required to initiate th is change: when v = 1 6 the solution contains less th a n 1 per cent. H 2S iF 6, and a t this point, according to Ostwald, decomposition probably begins, b u t th a t it is far from com plete even when a very m uch larg er excess is p resen t is evident from th e fact th a t the m axim um w hen v -32,768 is 282 and not above 400.
Now it is w ell know n th a t hydrogen chloride, brom ide and iodide are, practically speaking, p erfect gases u nder ordinary circum stances : in o th er words, masses of these gases would m ainly consist of mole cules such as are represented by the formulae HC1, H B r and H I. I t has been proved, however, by M allet th a t hydrogen fluoride a t tem peratu res n ear to its boiling point m ainly consists of molecules of th e form ula H 2F 2. In th e aqueous solution th e molecules would he b ro u g h t m ore closely to gether, and therefore it is probable th at, even in th e case of hydrogen chloride, brom ide and iodide, a certain pro portion of m ore complex m olecules would r e s u lt ; th e relatively high boiling p oint of hydrogen fluoride (19'4°) renders it probable th a t in th e liquid state th is com pound would a t least p artially consist of m olecules more com plex even th a n is represented b y the form ula H 2F 2. . On th e hypothesis p u t forw ard in th is paper, th e influence exercised b y th e one m em ber of th e composite electrolyte upon th e other m em ber d u rin g electrolysis is a t all events m ainly exercised by th e ir respective n eg ative radicles, and th e extent of th e influence th u s m utually ex erted by these radicles would depend on th e extent to w hich they are still possessed of " residual affinity." I f the hydrogen chloride, brom ide and iodide are present chiefly as simple molecules, they should exert, ah i n i t i o , alm ost th e full effect w capable of e x e rtin g ; an d the chief effect of d ilution being to decom pose th e m ore com plex molecules, conductivity should increase to b u t a slight ex ten t if th e ex tent to w hich sim plification can tak e place be b u t small. On th e o th er hand, if owing to th e form ation of m olecular aggregates the residual affinity be m ore or less exhausted, th e in itial conductivity will be low, and it will increase on dilution only in p ro portion as these aggregates become broken up.
I t appears to me th a t th e behaviour of th e fo u r hydrides under discussion is absolutely in accordance w ith these requirem ents of th e hypothesis.
E ven th e difference betw een hydrogen chloride and hydrogen brom ide and iodide is not w ithout its bearing. The determ i nations of th e density of chlorine a t various tem peratures by Ludw ig, and of th e density of brom ine by J a h n ( " M onatshefte fu r Chem ie," 1882, p. 176), have show n th a t it is necessary to raise th e tem perature considerably h ig h er above th e boiling p o in t in order to reduce th e den sity to th e theoretical value in th e case of chlorine th a n in th e case of b ro m in e: in o th er words, there is a g re ater tendency in chlorine to form aggregates m ore complex th a n those of th e form ula C1a th an th ere is in brom ine to form aggregates m ore com plex th a n those of th e form ula B r2. I t is, therefore, n o t unlikely th a t th e chlorine in HC1 has m ore " resid u al affinity " th a n th e brom ine in H B r,* an d if so th e aqueous solution of the form er w ould have a low er in itial co n d uctivity th a n one of equivalent stre n g th of hydrogen brom ide, an d th e m axim um w ould be obtained only on g re a te r d ilu tio n ; w hich is precisely th e case.
T h e evidence afforded by th e oxy-acids derived from the halogens appears to m e to be equally strik in g . T he follow ing are O stw ald's num bers, in clu d in g those fo r n itric acid.
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T able I I . I t will be observed th a t n itric, chloric a n d perchloric acids differ b u t little ; th a t brom ic acid has a considerably low er in itia l conduc tiv ity , an d does n o t a tta in th e m axim um so so o n ; th a t iodic acid differs s till m o re ; a n d th a t th e behaviour of periodic acid is * On other grounds also there is reason to believe that hydrogen chloride differs more from hydrogen bromide or iodide than either of these differs from the other: thus less heat is developed on dissolving hydrogen chloride in water than on disso lution of equivalent quantities of the bromide or iodide, the numbers given by altogether peculiar-being th a t of a polybasic acid, it may be added. Ostwald regards it as m ost surprising-" in hohem Grade befremdlich " -th a t periodic acid should be m uch weaker th a n iodic acid, and th a t the la tte r should be considerably inferior to iodhydric acid. To m y mind, th e ir behaviour is absolutely w hat m ight be expected of these acids. A lthough th e molecules in liquid nitric, chloric and perchloric acids are probably not of the sim ple composition represented by th e formulae HhT03, H C 103, and H C 104 respectively, the chemical be haviour of these acids does no t indicate any great difference between th e m ; owing, however, to th e accum ulation of oxygen atoms, per1 -chloric acid m ay be expected to exercise a som ewhat greater influence than chloric acid, as it actually does. Chem ists are agreed th a t brom ine has less affinity for oxygen th a n chlorine ; hence it may be inferred th a t th e oxygen in bromic acid would have greater residual affinity th an th e oxygen in chloric acid, and th a t, therefore, bromic acid would form complex aggregates m ore readily th a n chloric acid, and consequently have less influence in electrolysis th an chloric acid. This is tru e in a m uch g re ater degree of iodic, and still more of periodic acid :* it is well know n th a t the form er not only yields salts of th e type M 'I 0 3, b u t also acid salts such as K H I20 6; and th a t periodic acid forms a series of very complex salts.
The acids of phosphorus form another interesting series:- These num bers afford to m y m ind the clearest possible evidence th a t we are dealing w ith complex molecules. I t is especially note-* The existence of a stable oxide of the formula I2O5, as well as thermochemical data, have been interpreted as evidence that iodine has a greater affinity for oxygen than even chlorine. I am inclined to take the contrary view, however, and to regard the stability of the oxide I 2Ob as due less to the high affinity of iodine for oxygen than to its low affinity for itself and the high affinity of oxygen for oxygen.
w orthy th a t the m axim um never exceeds th a t of th e m onobasic acids* even in th e case of phosphoric acid, w hich is universally regarded as a tribasic acid, an d th a t the monobasic hypophosphorus acid is th e stro n g est and th e tribaspc phosphoric acid is th e w eakest. I n v ery dilute solution phosphoric acid has less influence th a n even acetic acid, according to K ohlrausch.
I t m ay be well also to quote O stw ald's num bers for sulphurous, selenious, su lp h u ric an d selenic acids.
T able IV'. I t w ill be observed th a t su lp h u ric and selenic acids are nearly alike in behaviour, th e la tte r being som ew hat m ore active in concentrated solutions ; it is n o tew o rthy th a t of all th e polybasic acids studied by Ostwald, these are th e only tw o co ntaining a single negative radicle ( S 0 4,S e 0 4) which exhibit a cond u ctiv ity in excess of th a t w hich cha racterises th e m onobasic acid s.f T he num bers obtained fo r sulphurous an d selenious acids are deserving of study. S u lp h u r dioxide is fa r from being a perfect gas un d er ordinary co n d itio n s; in th e liquid state i t is probably rich in * Ostwald appears to be of the opinion that if the dilution could be carried far enough, a maximum conductivity= n "90 would eventually be attained in the case of every »-basic acid. It appears to me that neither do his numbers warrant this-and those here under discussion are an especially good illustration-nor is it likely to be the case on my hypothesis.
+ Ostwald infers from the great increase in molecular conductivity that the manner in which the acid is electrolysed varies with the strength of the solution ; he supposes that in more concentrated solutions sulphuric acid is resolved into H and H S 0 4, and that both atoms of hydrogen are split off only as the solution becomes more diluted. This appears to me to be altogether improbable.
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U aggregates of S 0 2 molecules, and these m ay he to a large extent con served in concentrated aqueous solutions. B u t th e m ain explanation of th e variation in conductivity on dilution m ust be looked for, I th in k , in the peculiar relation w hich sulphur dioxide manifests to w a te r ; it is m ore th an probable th a t the initial interaction involves th e form ation of a hydrate, ( S 0 2)z(0 H 2)j" and th a t from this on dilu tion is formed sulphurous acid, S O (O H )2, and perhaps also " sulphonic acid," H 'S 0 3H . T aking into account the properties of selenious oxide, O stw ald's results appear to m e in this case again to lead to b u t th e one conclusion, th a t conductivity increases in consequence of th e specific influence of th e fundam ental molecule of th e compound m aking itself m ore and m ore felt as by dilution it becomes m ore and more disentangled from its fellows.
The behaviour of solutions of n eu tral m etallic salts on dilution is very sim ilar to th a t of acids; abundant proof of this is afforded especially by P . K ohlrausch's refined m easurem ents, of which an account has recently been published ( " W ied. A nn.," 1886,26, p. 162). I venture to th in k th a t a sim ilar explanation to th a t above given fo r oxides w ill apply to s a lts ; and also th a t the low m olecular con ductivities of salts as compared w ith corresponding acids may be regarded as confirm atory of m y hypothesis. I th in k we m ust ad m it th a t th e m etals generally have less affinity th an hydrogen for negative ra d ic le s; if this be granted, we have a t once an explanation of th e fa ct th a t m etallic salts are m ostly fixed solids, few of w hich are m ore th a n m oderately soluble in w ater while m any are very difficultly soluble or insoluble, w hereas th e corresponding acids are m ostly volatile an d readily soluble in w ater, if not miscible w ith i t in all proportions. The affinity of the negative radicles being less exhausted by union w ith m etals th a n w ith hydrogen, th e fundam ental molecules of salts are more prone to unite to g eth er to form complex aggregates.
A rrhenius, who has studied the electrical behaviour of solutions of a-num ber of salts,* attributes the change observed in m olecular conductivity on dilution-as I have done-to m olecular changes; b u t his deductions are all based on th e acceptance of the W illiamsonClausius hypothesis of dissociation.
M y hypothesis would also account for th e increase in conductivity in composite electrolytes w ith rise of tem perature. I t is tru e th a t as tem p eratu re rises the influence w hich individual m olecules ex e rt upon each other w ould he lessen e d ; b u t on th e o th er hand, th e complex aggregates would become m ore and m ore com pletely resolved in to th e ir fundam ental m olecules, th e velocity of m olecular m otion w ould increase, an d the tendency of th e co n stitu en t atom s to rem ain u n ited would be lessened. F rom th is point of view th e determ ination of th e coefficient of change of conductivity w ith tem p eratu re in th e case of substances whose m olecular conductivity increases considerably on dilution in com parison w ith allied com pounds w hich exhibit only a slig h t v ariation in m olecular co n d u ctiv ity on d ilu tio n affords an in terestin g subject fo r investigation. F . K ohlrausch h as already pointed o u t ( " Pogg. A n n .," 1875, 154, p. 236) th a t in th e case of all n eu tral salts, " d er Einfluss der T em p eratu r au f das L eitungsverm ogen m it w achsender V erdiinnung sich A nfangsw erthen n ah ert, die zwischen engen G ranzenliegen," and th e experim ents of F . K ohlrau sch an d N ippoldt on solutions of sulphuric acid (ibid., 1869, 138, p. 286) show th a t th e resistance dim inishes to a m uch g re a te r ex ten t forequal in crem en ts of tem p eratu re in co ncentrated th a n in d ilu te solutions. T h u s :-
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Conduction and Molecular , tyc. 279 As concentrated solutions w ould be rich e r in com plex aggregates th a n dilute solutions, these results are in en tire accordance w ith m y h y p o th e sis: i t does n o t appear to m e th a t th e y can be satisfactorily in terp reted in term s of the dissociation hypothesis.
In cases w here th e influence of th e one m em ber of th e com posite electrolyte upon th e o th e r is b u t slight, i t m ay happen th a t th e effect of tem p eratu re in dim inishing this influence w ill outw eigh th a t due to u 2 m olecular simplification, and th a t, in consequence, conductivity will dim inish w ith rise of tem perature ; a m ixture of alcohol and ether would appear to fu rn ish an example of this k in d ; according to Pfeiffer's recent observations ( " W ied. A nn.," 1886, 26, p. 226), such a m ixture behaves as a m etallic conductor of very h ig h resistance. The increase in conductivity of graphite and gas-retort carbon on heating, an d th e effect of lig h t on th e conductivity of (? im pure) selenium and some o th er substances (Shelford Bidwell, " Phys. Soc. P roc.," 7, p. 129, 256), appear to me to be also explicable on the assum ption th a t in all these cases we are dealing w ith composite electrolytes.
I f any fu rth e r proof be needed of an intim ate connexion between m olecular com position and electrolytic conduction, it is m ost con clusively afforded, I th in k , by the observations of W . K ohlrausch on chloride, brom ide an d iodide of silver ( " W ied. A nn.," 1882, 17, p. 642), w hich are exhibited in th e accom panying curves. In the fused
Prof. H. E. Armstrong. Electrolytic
[Mar. 25, state, these compounds are b e tte r conductors th an the m ost highlyconducting m ix tu re of sulphuric acid and water, which of all liquids is th e best conductor a t ordinary tem peratures. On reference to th e curves, it will be seen th a t th e resistance of b o th silver chloride and brom ide suddenly increases w hen th e change from th e fused to th e solid state sets i n ; b u t th a t no such change takes place in the case of the iodide. S ilver iodide fuses a t 527° according to Rodwell, b u t a t about 540° according to K o h lra u sch ; its electrical resistance increases only grad u ally after i t has become solid, and rem ains alm ost a linear function of th e tem perature d u rin g an in terv a l of 400°, u n til suddenly a t near 150° i t increases enormously, th is change ta k in g place a t th e m om ent w hen according to R odw ell ( " P hil. T ran s.," 1882, p. 1133) i t passes from th e tran sp aren t, plastic, am orphous solid to th e opaque, b rittle, crystalline state, th e volum e increasing considerably as shown by th e annexed curve. K ohlrausch has proved m ost conclusively th a t
1886.]
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th e solid iodide m ay undergo electrolysis. I t w ould seem th a t alm ost im m ediately a fte r solidification in th e case of silver chloride and brom ide practically th e whole m ass consists of complex aggregates so constituted as to be exceedingly b ad conductors, b u t th a t such aggre gates are formed m uch less readily by silver iodide.
M etallic Conduction. I do not propose in any w ay to discuss m etallic conduction, b u t m erely to call atten tio n to some of th e analogies betw een i t and electrolytic conduction.
I t is conceivable, and i t would appear probable from th e fairly reg u lar m anner in w hich th e electrical resistance of m ost p u re m etals
Prof. H. E. Armstrong. Electrolytic
[Mar. 25, decreases as the tem perature falls, the coefficients of change being practically very nearly the same in all cases, th a t the increase in resistance as tem perature rises is mainly due to the increase in mole cular inter-distances. As a rule, resistance increases on the passage of a m etal from the solid to the liquid state, b u t there are noteworthy exceptions from which it would appear probable th a t even in pure metals conductivity to some extent depends on molecular composition: th u s th e conductivity of bism uth increases a t the moment of fusion from 0-43 to O'73 of th at of m ercury at 21°, and th a t of antim ony from 0'59 to 0'84 (L. de la Rive, " Compt. rend.," 1863, 57, p. 691) ; it is well known th a t bism uth contracts considerably on fusion, and this is probably also th e case w ith antim ony. Again, according to Bouty and Cailletet {ibid., 1885, 100, p. 1188), the resistance of m er cury decreases a t th e point of solidification in the ratio 4*08:1; this is a rem arkable increase in conductivity, and it is difficult to believe th a t it is wholly due to mere contraction of volume. T hat th e behaviour of alloys is w orthy of far more attention than it has hitherto received appears most clearly from the few data at disposal. As being th e m ost instructive instance, I append the curve given by Professor Lodge as representing tb e specific conductivities of th e copper-tin alloys ( " P hys. Soc. P ro c.," 1879-80, 3, p. 158) . H e exam ined five alloys, containing respectively 80'8, 38*2, 31'7, 12*6, an d 9'7 p er cent, by w eight of tin , w hich w ere prepared by P rofessor C handler R o b e rts ; th e dotted curve represents th e re su lts obtained by M atthiessen, who did not exam ine any alloy betw een those con tain in g 16'4 an d 85'1 volum e p er cent, of copper. The com parison of Professor L odge's curve w ith th a t given by F . K ohlrausch fo r m ix tu res of sulphuric acid and w a te r-w hich I also append-appears to
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Conduction and Molecular , fyc. 283 me to be in th e h ig h est degree suggestive. In the case of th e latter, i t w ill be observed th a t, sta rtin g from S 0 3 on th e one side and H 20 on th e other, m inim a occur a t points on th e curve corresponding to com pounds of th e form ula H 2S 0 4 a n d H 2S 0 4'H 20 ; it is, how ever, w ell know n th a t such com pounds are unobtainable a t o rd in ary tem pera tures, and i t is h ig h ly probable th a t if th e pure com pounds could be exam ined, th e m inim a w ould to u ch th e base line, as in th e case of w ater.* The p oint of m axim um conductivity does n o t correspond to any know n h y d rate, b u t as I have elsew here re m ark ed it is alm ost coincident w ith th a t of m axim um h e a t evolution on m ixing su lphuric acid an d w ater, an d i t is therefore doubtless th e p o in t a t which th e m axim um chem ical change occurs. O n reference to the alloy curve, i t is seen th a t th e addition of quite a sm all am o u n t of tin to copper produces a very m arked effect ju st as does th e addi tio n of a sm all am o u nt of w ater to sulphuric acid, the effect being, however, to dim inish conductivity in th e one case b u t to increase i t in th e o th e r ; afte r th e addition of only a m oderate am ount of tin , a * The acids richer than H 2S 0 4 in S 0 3 hare been examined by W . Kohlrausch (i£ Wied. Ann.," 1882, xvii, p. 69). It is especially noteworthy, as I said when reading this paper, that the hydrate H2®2^7 i® a much worse conductor than either of the hydrates H 2S 0 4 or H 2S 0 4' 01I2, and that the former of these conducts less readily than the latter, and in this connexion to remember that the compound Il^SgOy is the most definite and easily obtained in a crystalline shape, and that the hydrate H 2S 0 4 0 H 2 is the least definite of the three : the evidence that conductivity depends on absence of homogeneity is overwhelming in this case.- [May 26, 1886.] pronounced m inimum is reached, corresponding to the pronounced maximum attained on addition of a m oderate am ount of w ater to sulphuric acid, and a t a point m oreover corresponding to a definite compound, SnCu4; a fu rth er slight addition of tin develops another m inimum less pronounced than the first, h u t also corresponding to a definite compound, SnC u3 ; th e curve then falls slightly and exhibits a th ird minimum, its course being analogous to th a t of the sulphuric acid and w ater curve n ear to sulphuric acid. I f one or the other curve be inverted, th e general sim ilarity in form is especially striking. I t is obviously im p o rtant th a t alloys interm ediate between those studied should be exam ined; a com parison of Lodge's w ith M atthiessen's curve shows how m uch m ay be m issed; this rem ark applies to alloys generally. W hatever may be the explanation,* i t appears to me to be clear th a n in alloys as in composite electrolytes the con stituen t mem bers of th e system influence each other, and thus m utually contribute to th e final result. The m arked dim inution in th e conductivity of copper produced by very small quantities of oxygen, of phosphorus or of the m etalloid arsenic is well known. I t would appear probr.ble th a t this is in some way due to the occur rence of an electrolytic change, w hich a t least in p art is opposed in direction to th a t ta k in g place in the pure m etal during conduction.f
Valency-Chemical Change.
N otw ithstanding th e fierce controversy w hich has been waged, between th e advocates of th e doctrine of fixed valency and th e advocates of th e doctrine of varying valency, our views on th e subject are still in an u n fo rtu n ate degree unsatisfactory and indefinite. Even those-and th ey probably form a large m ajoritywho reg ard valency as a variable, dependent both upon th e n ature of th e associated radicles and th e conditions-especially as to tem p eratu re-under w hich these are placed, often hesitate to attrib u te a valency sufficiently hig h to account for every case of com bination; in fact both parties agree in distinguishing " atomic " from " molecu lar " compounds, and differ only as to w here th e line shall be drawn.
* It is very remarkable that not only do the heat conductivity and the induction balance curves for the tin-copper alloys correspond (Chandler Koberts, " Phys. Soc. Proc.," 3,p. 156), but that the curves given by Thurston as representing the strength of these alloys (" Materials of Engineering," Part III, p. 412) also exhibit a ma similarity to the electrical conductivity curves.
t The change produced in gold by a very small quantity of lead is most astonish ing : its conductivity is reduced almost to that of lead and it becomes as brittle as glass. It is difficult to understand this change unless it be that opportunity is given for the gold itself to assume a different molecular state, owing to continuity becoming disturbed. The effect produced appears to be strictly comparable with that observed on lowering the temperature of silver iodide from above about 150°, and in the passage of liquid water at 0° into ice.
I t is difficult to over-estim ate th e im portance of th e theory of valency: its application has led to a n enorm ous extension of our know ledge of carbon com pounds especially, and i t has furn ish ed u s w ith a sim ple and consistent system of classifying th e m ighty h ost of these bodies ; b u t on th e o th er hand, it m ay be questioned w h eth er i t hfl.a not led u s aw ay from th e search in to th e n a tu re of chem ical change, an d even if th e in tro d u ctio n of th e term s satu ra te d and u n satu rated has n o t had a directly pernicious effect. T he alm ost universal d isreg ard of m olecular com position as an im p o rtan t factor in chem ical change in th e case of solids and liquids, and th e popular tendency to overlook th e fact th a t o u r formulae of such bodies are purely em pirical expressions, has undoubtedly exercised a prejudicial influence.
No know n com pounds are saturated-if any were, such w ould be incapable, I im agine, of directly ta k in g p a rt in any interaction, an d in th e ir case decom position would necessarily be a precedent change. T he paraffins are app arently of all bodies th e m ost in e rt and th e m ost nearly satu rated , and n ex t to th em comes h y d ro g en -th e u n sa tu ra te d ch aracter of w hich is displayed in in teractio n s such as occur a t atm ospheric tem p eratures betw een i t a n d platinum and palladium , and w hen it displaces silv er from silver n itra te or certain of th e platinum m etals from th e ir salts. One of th e m ost strik in g instances perhaps of popular erro r in th is respect is w ater, w hich is alw ays regarded as a satu ra te d com pound, alth o u g h its entire behaviour and especially its physical pro p erties characterise th e m olecule H 20 ,1 th in k , as th a t of an em inently u n satu ra te d co m p o u n d : I fail to see how otherw ise we are to explain th e h ig h surface tension a n d h ig h specific h e a t of liquid w ater, its h ig h h ea t of vaporisation, an d its im perfectly gaseous beha v io u r up to tem peratures considerably above its boiling point, le t alone its g re a t solvent pow er and its tendency to form hydrates w ith a m u l titu d e of com pounds-especially oxygenated com pounds, be i t added.
The th eo ry was b ro u g h t m ost p rom inently u n d e r th e notice of chem ists by H elm holtz in th e la st F arad ay lecture th a t electricity, like m atter, is as it w ere atom ic, and th a t each u n it of affinity or valency in our com pounds is associated w ith an equivalent of elec tric ity -positive or n e g a tiv e ; th a t th e atom s cling to th e ir electric charges an d th a t these charges cling to each other. T h u s barely stated , th is th eo ry does not appear to take into account th e fa ct th a t th e fundam ental molecules even of so-called atom ic com pounds are never saturated, b u t m ore or less readily u n ite w ith o th e r m olecules to form m olecular com pounds-m olecular a g g re g a te s ; and unless th e application of th e th eo ry to explain th e existence of such com pounds can be m ade clear, chem ists m ust, I th in k , decline to accept it.* There is, however, a most significant passage in Helm holtz' paper, in which it is pointed out th a t (in a D aniell's cell) the phenomena are the same as if equivalents of positive and negative electricity were attracted by different atoms, and perhaps also by the different values of affinity belonging to the same atom, w ith different force : are we to seek for an explanation in this direction P The im pression which th e facts make upon th e m ind of the chem ist certainly is, 1, th a t no tw o different atom s have equivalent affinities ; and, 2, th a t affinity is a variable depending on th e nature of th e associated elem ents: b u t owing to the recognised com plexity of nearly all cases of chemical change, it is difficult to draw any very definite conclusion on this point.
If, however, th e n a tu re and properties of so-called m olecular compounds generally be considered, and if an attem pt be made to form any conception of th eir constitution, one strik in g fact is noticeable, viz., th a t th e metals in them apparently retain the properties w hich they exhibited in th e parent atom ic compounds. E very one knows th e m arked difference in properties of ferrous as contrasted w ith ferric s a lts : they differ not only in chemical behaviour, b u t also in th e ir physical properties, and are readily distinguishable by th e ir colour.
The properties of the ferrous m olecular compounds, however, are those of th e simple ferrous compounds : ferrous potassium chloride, for example, Ee2Cl4*C]2K 2, is a green salt m uch like ferrous sulphate. F acts such as these have led m e to suggest th a t in such cases th e form ation of th e molecular compound is due to the attra ctio n of th e negative elem ent of the one " atom ic " compound by the negative elem ent of th e other, th e m etal having no influence except th a t the am ount of affinity of which th e negative elem ent is possessed depends on th e n atu re of the m etal w ith w hich it is associated. I t would in fact appear th a t hydrogen and th e m etals generally m ay be regarded as th e analogues of the C«H2»+i and C»H2m _7 hydrocarbon radicles, and th a t th e ir compounds w ith negative elements m ay be likened to unsaturated hydrocarbons of th e form Cw H 2w+i*CH*CH2. W e know th a t w henever such a compound enters into combination, th e C»H2n+i radicle takes no p art in the change, com bination of w hatever kind being effected by means of the unsatu rated radicle CH*CH2 w ith w hich it is associated. I do not molecular charges-lie uses the expression molecular in the sense that the chemist uses the term atomic-may serve as a method by which we may remember a good many facts about electrolysis. It is extremely improbable that when we come to understand the true nature of electrolysis we shall retain in any form the theory of molecular charges, for then we shall have obtained a secure basis on which to form a true theory of electric currents, and so (become independent of these provisional theories." And later (p. 315) : " While electrolysis fully establishes the close rela tionship between electrical phenomena and those of chemical combination, the fact that every chemical compound is not an electrolyte shows that chemical combination is a process of a higher order of complexity than any purely electrical phenomenon. ' m ean to contend th a t the m etals are fully neu tralised in th e ir com pounds, h u t m erely th a t as a rule they behave as th o u g h th ey w ere satu rated ju s t as do th e C«H2"_7 radicles derived from th e benzenes. T here can be little doubt th a t an absolute distinction m u st be d raw n betw een hydrogen and th e m etals on th e one hand, an d th e nonm etals on th e other.
R e g ard in g th e facts in th e lig h t of o u r know ledge of carbon com pounds, it is difficult to re sist the conclusion th a t th e differences observed are due to differences in stru c tu re of th e stuffs of w hich th e elem ents as we know th em are composed, th e w hich differences condition perhaps a different d istrib u tio n of th e electric charge o r its equivalent, in th e case of each elem ent.
I n th e ea rlie r p a rt of th is p ap e r I have ascribed th e influence w hich th e one set of m olecules of th e com posite electrolyte exercise upon th e o th e r d u rin g electrolysis to th e existence of " residual affinity." I believe th is view also to apply to th e explanation of th e occurrence of chem ical change. To quote th e w ords of A rrhenius, " L 'ac tiv ite electrolytique se confonde avec l 'ac tiv ite chim ique." Several p re g n a n t exam ples of th is have alread y been given by O stw ald ( " J . p r. C hem .," 1884, 80, p. 93) .
T he in v estigation o f th e n a tu re of chem ical change has assum ed an alto g eth er different aspect since th e pub licatio n of M r. H . B . D ixon's in q u iry in to th e conditions of chem ical change in gases (" P h il T rans.," 1884, p. 61 7 ; see also " Chem. Soc. T ra n s.," 1886, p. 94). M r. D ixon has clearly proved th a t it is im possible to explode a m ix tu re of carbonic oxide and oxygen, an d th a t th e change 2CO + 0 2 = 2 C 0 2 is effected w hen sparks are passed across th e tu b e co n tain in g th e gaseous m ixture only in the path o f the discharge. I f traces of w a te r be p re sen t explo sion tak es place, th e velocity of p ro p ag atio n of th e explosive wave in creasin g w ith th e am o u n t of w a te r up to a certain m axim um . These results com pletely dispose of th e p o p u lar explanation of such changes, viz., th a t th e m olecules in th e p a th of th e discharge undergo dissociation, th a t th e d issim ilar atom s th u s lib erated th e n combine together, an d th a t as th e h e a t developed in th e ir union causes th e dissociation of y e t o th e r m olecules, change g ra d u ally extends th ro u g h o u t th e mass.* M r. D ixon's experim ents have n o t only show n th a t th e p ropagation of change is d ependent on th e presence of a th ird body, b u t th a t th is th ird body m u st b ear a ce rtain re latio n to those w ith w hich i t is associated ; C 0 2, C S 2, C2N 2, CCI4, S 0 2, an d N 20 w ere found b y him to have no action, an d only w a te r-or bodies w hich form ed w a te r u n d er th e conditions of th e experim ent-were found capable of determ in in g th e explosion. T here is an obvious difference * I am not to be understood to imply that dissociation does not take place in the path of the discharge ; on the contrary, for all the facts appear to me to indicate that conduction and electrolysis are inseparable phenomena in gases as in liquids." (Comp. Schuster, " Proc. Hoy. Soc.," 1884, p. 317.) in constitution betw een w a te r and th e bodies found incapable of determ ining explosion: th e form er being a compound of a positive w ith a negative elem ent, th e la tte r being all compounds of two nega tive elem en ts; and if it be perm issible to generalise from th is single instance, it m ay hence be stated, th a t in order th a t interaction shall tak e place in cases such as th a t under consideration, i t is not only necessary th a t th e elem ents of the " c a ta ly s t" shall be divisible* between th e in tera ctin g substances-th e elem ents of C 0 2 are obviously as divisible betw een CO and 0 2 as are those of H 20 -b u t th a t th e catalyst shall consist of a positive and a negative and not of two negative radicles. On th is view, it is possible to understand th a t w ater itself m ay act as th e cataly st in determ ining th e form ation of w a te r a t h ig h tem p eratu res from hydrogen and oxygen.f I n th e case discussed (th e oxidation of carbon m onoxide), in te r action tak es p lace a t a very h ig h tem perature, and therefore-since high te m p eratu re m ay be regarded as th e equivalent of high electro m otive force-u n d er conditions u n d er w hich th e catalyst w ater is probably a sim ple electrolyte. The behaviour of sulphur dioxide in presence of oxygen a n d w ater is in stru ctiv e as being a case of an analogous in teractio n occurring a t a low tem perature. F rom a m ost carefully conducted series of experim ents by M r. D ixon (" Jo u rn . of Gas L ig h tin g ," 1881, 37, p. 704), i t appears th a t n o t only does sulphur dioxide not undergo change in contact w ith d ry oxygen, b u t th a t it even resists oxidation if w ater vapour be present and a t a tem perature of 100°; as is w ell know n, however, oxidation takes place-b u t only slowly-w hen an aqueous solution of su lp h u r dioxide is in contact w ith oxygen. In th is case, in th e gaseous m ixture th e w ater appa re n tly is n o t u n d er such conditions th a t i t can act as a sim ple electro lyte, o r even form a com posite electrolyte, a n d action only takes place w hen th e conditions become such th a t a composite electrolyte can be fo rm e d ; O stw ald's observations m ay be held to prove, I im agine, th a ta very im perfect com posite electrolyte re su lts on dissolving sulp h u r dioxide in w ater, an d in accordance w ith th is is th e fa ct th a t th e aqueous solution is b u t slowly oxidised.| # Mr. Dixon's experiments appear to prove that during the interaction of carbonic oxide and oxygen in presence of water an actual division of the elements of the water molecules takes place between the carbonic oxide and oxygen molecules, and hence that the water does not exercise a mere contact action.
"When this question first came under discussion at the Chemical Society, I said that I looked forward to the time when probably it would be found that a mixture of pure hydrogen and oxygen was inexplosive, like one of pure carbonic oxide and oxygen. I was then still under the influence of current opinion and regarded water as a saturated compound, and had not yet realised the important function of " residual affinity" in such changes. J The behaviour here described of sulphur dioxide appears to me to furnish another argument adverse to the dissociation hypothesis, as oxidation takes place under the conditions least favourable to the occurrence of dissociation.
I f a clear distinction can be d raw n-as I suppose i t can-betw een sim ple an d composite electrolytes, th e presence of a m em ber of th e la tte r class will probably be found to be essential to th e occurrence of m any interactions ta k in g place a t m oderate te m p e ra tu re s ; th u s th e oxidation of iron, w hich is generally supposed to ta k e place only in m oist air, is doubtless dependent, n o t m erely on th e presence of , b u t of impure w a te r-of w ater rendered conducting by association w ith foreign m atters ; sim ilarly i t m ay be expected th a t zinc w ill be found to have no action on w a te r even w hen associated w ith a less positive m etal, an d it would doubtless have no action on sulphuric acid, if such a com pound were obtainable in a p u re s ta te ; b u t a m ixture of su lp h u ric acid and w a te r readily dissolves it, as th e tw o to g eth er form a composite electrolyte of com paratively low resistance.
I t can scarcely be doubted th a t w hen ou r elem ents or com pounds are resolved in to th e ir u ltim ate atom s, these atom s are capable of directly uniting, an d th a t no cataly st is th en required. B u t if th is be th e case, and if, as I suppose, th e atom s ra re ly saturate each other, th e direct union of com pounds should also be possible in cases in w hich th ere is considerable residual affin ity ; such union would n o t involve a separation from each o th er of th e co n stitu en t elem ents of one or both of th e in tera ctin g bodies such as takes place in th e changes previously considered. U n io n of two m olecules h aving tak en place ; th e elem ents of th e in tera ctin g bodies having th u s been b ro u g h t in to in tim ate association: i t is v ery probable th a t in m any cases intram olecular change w ill th e n supervene, re su ltin g som etim es in m ere atom ic red istribution, a t o th er tim es in th e resolution of th e complex molecule into sim pler m olecules. I am inclined to th in k th a t th e m ajority of so-called double decom positions are th u s b ro u g h t about.
T he union of sulphuric anhydride w ith w ater to form sulphuric acid, and of su lphuric acid w ith w ater to form h y d rates, are doubtless cases of th is kind. T he form ation o f th e h y d ra te S 0 3*0H 2 m u st be supposed to be im m ediately followed by th.6 occurrence of atom ic red istrib u tio n if we accept th e c u rre n t view th a t sulphuric acid is a hydroxide of th e form ula S 0 2( 0 H ) 2; w hether a fte r th e form ation of th e hy d rate H 2S 0 4*0H 2 has tak en place atom ic redistrib u tio n in lik e m anner supervenes is a m oot p o in t; th e large am ount of h ea t de veloped by th e in teractio n of w a te r an d sulphuric acid is, however, specially notew orthy.
Sodium hydroxide is universally reg ard ed as th e analogue of w a te r : is its actio n on sulphuric acid analogous to th a t of w ater ? I certainly am inclined to hold th a t it is, and th a t in th e first instance an ag g re gate, lSraH0*S04H 2, results, owing to th e a ttra ctio n of th e oxygen of th e hydroxide by th e oxygenated radicle of th e acid' : atom ic re d istri bution thereupon tak es place, and eith er the m olecule is resolved into two o tters, w ater and sodium hydrogen sulphate, or a new compound is formed, which is easily resolvable into these latter. Moreover, I am inclined to a ttrib u te th is change and th e consequent displacem ent of th e hydrogen in th e acid by the sodium, n o t to th e fact th a t sodium has a g reater affinity th a n hydrogen has for S 0 4, b u t to the tendency of hydrogen to displace the sodium in sodium hydroxide and to form water. I do n o t contend th a t in such a case as th a t quoted direct interaction will tak e place betw een th e substances as we know them in th e solid state ; these m ay consist of com paratively in e rt complex aggregates w hich require to be resolved into sim pler molecules either by dissolution or by application of heat. In other words, the presence of w ater may be necessary, no t because it is essential to have an electrolyte present, b u t because th e occurrence of both m olecular interaction and electrolytic conduction depends on identical m olecular and interm olecular conditions. The chem ical interaction takes place entirely independently of the w ater molecules, and these la tte r serve only to separate and keep ap a rt th e fundam ental molecules of which th e in teractin g bodies are composed.
No final decision for or against the view here p u t forw ard can well be arrived a t except by th e study of th e behaviour of gaseous bodies such as am m onia and hydrogen chloride, for example ; if proof can be given th a t these compounds are capable of directly u n itin g w ithout the intervention of any th ird body, a m ost im p o rtan t step w ill have been m ade.
O ther cases deserving of study are th e conversion of n itric oxide into n itric peroxide, oxidation by m eans of ozone, and the action of m etals such as sodium on w ater. As the form ation of nitric peroxide involves th e p rio r separation of oxygen-atom s from oxygen-atoms, and n ot m erely th e com bination of two molecules, i t is not improbable th a t interaction betw een n itric oxide and oxygen m olecules will only ta k e place in th e presence of a catalyst. B u t it is to be borne in m ind th a t both n itric oxide and ozone are bodies which are capable of in te r actin g w ith molecules of th eir own kind, and th a t considerable heat is th ereb y developed ; and i t is conceivable th a t such bodies being pos sessed of h ig h residual affinity m ay directly e n ter into com bination w ith others w hich have b u t little residual affinity. As regards the action of sodium on w ater, the difference in behaviour w ith dilate sulphuric acid betw een m oderately pure zinc and very nearly pure zinc is so m ark ed th a t th e vigorous action between sodium and w ater cannot be held to prove m uch, as no special care is ever taken to pre pare sodium p u r e ; th e question w hether the affinity of the oxygen in w ater for sodium is sufficient to cause th e ir direct association and consequent interaction is an in terestin g one for experim ental inquiry, although it would be very difficult to m ake th e experim ent properly.
One o th er application of the theory dw elt on in this paper rem ains
